Abstract Risk communication is an important component of genetic counseling. However, many authors have noted that after genetic counseling, subjective risk frequently does not match the objective risk provided by the counselor. This inevitably leads to the conclusion that the risk communication process was not "effective". There has been much discussion about how this problem can be better addressed, such that our clients recall numeric risks more accurately after genetic counseling. This article draws on the risk and probability literature from other fields (including psychology, economics, philosophy and climate change) to deconstruct the concepts of "risk" and risk perception to attempt to expand upon and develop thought and discussion about and investigation of the risk communication process in genetic counseling.
Introduction
Communicating about genetic risks is an important component of genetic counseling. Indeed, the 2006 definition of genetic counseling states that the process integrates:
"Interpretation of family and medical histories to assess the chance of disease occurrence or recurrence." (Resta 2006 ).
The risk communication component of genetic counseling is thought to have important potential consequences (e.g. affecting variables like anxiety and distress, as well as decision making around screening and intervention). Because of this, it has received much attention (Bottorff et al. 1998) . However, to broadly summarize the findings of those investigations of risk communication in genetic counseling that have been performed to date: recall by clients of the numeric "risks" that they were provided in genetic counseling is variable. Two meta-analyses of the available studies showed that, when broadly defined (e.g. within twofold of objective risk), "risk perception accuracy" improved after genetic counseling (Meiser and Halliday 2002; Smerecnik et al. 2009 ), but sizeable proportions of clients' risk perception were still "inaccurate" after genetic counseling. This leads the effectiveness of the risk communication component of genetic counseling to be called into question.
In 2008, Sivell et al. reviewed the genetic counseling literature for studies looking at the effects on decision making of risk perception, construction, and interpretation. They concluded:
"Studies of risk perception often make the assumption that individuals have a quantitative notion of risk which can be measured in various ways. However, the evidence also demonstrates that risk is something experiential and is not something individuals can easily quantify." (Sivell et al. 2008, p. 59 ).
The purpose of this article is to build on and explore the concept of risk as an experience (Sivell et al. 2008 )-with the aim of encouraging the formulation of new strategies to investigate this important topic. Specifically, I aim to explore the semantics around, and deconstruct the concept of "risk" in the context of genetic counseling-and in particular, the perception of risk. To achieve this, I will draw upon previous work relating to risk and risk perception from the genetic counseling literature as well as literature from other fields.
How Do We Use the Word "Risk" in Genetic Counseling?
Although "risk" is a commonly used term, there are many different ways in which it can be interpreted (Bottorff et al. 1998) . According to the Oxford English Dictionary, by definition, "risk" is "the possibility that something unpleasant will happen", this concept conveys two components: possibility (or, to express this more mathematically, probability) and some kind of nebulous negative attribute. Indeed, when talking with clients about likelihood for relatives to be affected, many genetic counselors choose to use the more value-neutral "chances" rather than "risks", thus acknowledging the implicit negative connotation of the latter. However, in our professional and academic communications with each other, we tend to use the word "risk" as a synonym for "probability". For example, when describing the chance (expressed as percentages, expressions like 1 in X, or with the help of visual aids) for a condition to affect a client or their relative, we tend to use terms like "risk estimates" and "recurrence risks". This leads inexorably to academic and professional discourse about the accuracy of our clients' "risk perception". As the Oxford English Dictionary states, and as Sivell et al. (2008) alluded to: risk, as a concept, is more than numeric probability alone. So, what we are actually measuring and discussing is not the accuracy of our clients' risk perception, but rather the relationship between our clients' subjective perception of numeric probability and the objective numeric probability for a given outcome.
How is Risk Perceived?
Intuitively, the meaning of a numeric probability depends on the nature of the outcome to which the numeric probability is related. Michie et al. (2005) noted that:
"…risk is a larger concept than probability in that it incorporates both probability of different outcomes and the value patients attach to those outcomes for example, how serious they consider a condition to be" (Michie et al. 2005, p. 594) .
Further support for, and additional nuance to this idea comes from Shiloh (Shiloh 2006) , who applied illness regulatory theory to genetic counseling, and noted that: "...peoples' perceptions of and beliefs about an illness, are important mediating links between health threats and reactions to them" (Shiloh 2006, p. 325) In the above quote, it seems to be quite legitimate, with regard to the preservation of meaning, to substitute "perceived risks" for "health threats". Doing this illuminates the relevance of peoples' perceptions of and beliefs about an illness to risk perception (Etchegary and Perrier 2007; Shiloh and Sagi 1989) .
Risk: More Than Numeric Probability
In fact, in the psychology and behavioral economy literature, perception of risk for a particular outcome has been framed as incorporating perceptions of a combination of factors including: numeric probability, context, and nature of the potential outcome (Patt and Schrag 2003) . See Fig. 1 .
Applying this model to risk in a genetic counseling scenario, we arrive at the following:
○ Context: factors such as the client's perceptions of: illness etiology, family history, population prevalence of the condition, etc ○ Nature of potential outcome: the perceived severity (e.g. physical, emotional, financial impact) of illness for which numeric probability is being provided. ○ Numeric probability: initially, the pre-existing subjective numeric probability figure perceived by the client; subsequently this may be modified by the objective numeric probability provided by the counselor. In the following sections, the evidence (from the broader literature as well as that relating directly to genetic counseling) regarding the influence on risk perception of each of these three components will be reviewed.
RISK Perception

Context and Risk Perception
A non-genetic counseling related example of how context influences risk perception comes from the work of Windschitl and Weber 1999 . In their experiment, the authors gave psychology students one of two scenarios which both involved a traveler (Windschitl and Weber 1999) . In each scenario the students were told that the traveler had a 30% chance to develop mild malaria. In this experiment, the influence of context on risk perception was tested by providing the same numeric probability for malaria in each of the two scenarios, but different destinations-India and Hawaii. When the traveler's destination was India, not only did the students use language conveying more certainty to describe the risk for malaria, but also when challenged later, they recalled higher numeric probabilities. Perhaps, because intuitively peoples' perception is that a traveler is more likely to develop malaria if they visit India than if they visit Hawaii (context of the numeric probability is important), this influences recall of the numeric probability that was provided.
In relation to genetic counseling, support for the idea that contextual factors influence risk perception comes from the work of Walter et al. (2004) , who found that individuals' perceptions of risk for illness were informed by factors including family history and perceived etiology (Walter et al. 2004) . Sivell et al. (2008) reviewed the genetic counseling related literature and concluded that risk perception for a wide range of conditions is influenced by various contextual factors, including past experiences, family history, environmental factors, occupation, diet, and stress/worry (Sivell et al. 2008 ).
Nature of Outcome (Severity) and Risk Perception
Individuals are more likely to describe numeric probabilities relating to outcomes they perceive to be more severe as being, for example, "quite high" or "very high". This phenomenon is well illustrated by an experiment conducted by Patt and Schrag, who gave undergraduate students one of two scenarios both of which involved a numeric probability of 10% for one of two different weather events. In one scenario, the weather event was snow flurries, in the other it was a hurricane (Patt and Schrag 2003) . The authors found that the students with the hurricane scenario (more severe) were more likely to use descriptors conveying increased likelihood (likely, very likely) than the students with the snow flurry scenario.
In relation to evidence for influence of severity on risk perception in the realm of genetic counseling, Walter and Emery (2006) looked at perceptions of illnesses including diabetes, heart disease, and cancer, and found that some individuals with a family history of heart disease perceived it to be "a good way to go" (Walter and Emery 2006) . Further, individuals with a family history of heart disease or diabetes tended to have a lower sense of personal vulnerability than those individuals with a family history of cancer. One interpretation of this finding, is that for illnesses perceived to be less severe (e.g. heart disease, "a good way to go"), individuals had a lower sense of vulnerability-or perceived risk to be lower. In another study of women's decision making after prenatal screening, Lawson (2001) found that negative perceptions of having a child with Down syndrome had a more significant influence on decisions made than the numeric probability for the outcome (Lawson 2001) . To put it another way, perception of severity influenced risk perception. In their review of the genetic counseling related literature, Sivell et al. 2008 found support for the idea that risk perception for a wide range of conditions is influenced by personal experience of illness and its treatment (which can be conceptualized in this model as perceptions of nature of outcome, or severity) (Sivell et al. 2008 ).
Numeric Probability and Risk Perception
Probabilities, by their very nature involve an element of uncertainty, yet people tend to interpret them in a binary or more absolute manner. For example, in one study of clients understanding of risk for cancer before and after genetic counseling, despite having been given probabilistic information, after counseling some individuals described their risk in definitive terms e.g. "I absolutely will/will not develop cancer" (Hallowell et al. 1998) . Indeed, recall of objective numeric probability after genetic counseling is often inaccurate (e.g. (Hallowell et al. 1997 (Hallowell et al. , 1998 Meiser and Halliday 2002; Smerecnik et al. 2009 ). In fact, the subjective numeric probability for illness an individual perceived prior to counseling predicts numeric probability perceived after counseling-a phenomenon clearly reviewed and described elsewhere (Senay and Kaphingst 2009) . Typically, in studies where subjective numeric probabilities have been assessed before and after genetic counseling, the post-counseling figure usually lies between the pre-counseling subjective probability, and the objective probability.
Relationship Between Descriptors of Risk and Numeric Probability
An important side note to this discussion concerns to the relationship between descriptors used when communicating about numeric probability. As we see from the experiments of Patt and Schrag outlined above, descriptors such as "likely" or "unlikely" are used and interpreted as not simply relating to numeric probability (Patt and Schrag 2003) . Rather, these descriptors also incorporate and code for perceptions of nature of the outcome (or severity). These descriptors convey risk, rather than simply numeric probability (Shiloh and Saxe 1989) . Thus, it is not surprising that a review of the literature showed that rather than there being any mechanism by which numeric probabilities and descriptors (such as likely, or unlikely) could be mapped onto each other, "people perceive the word likely to imply probabilities anywhere between .5 and .99" (Weber 1994) . In a genetic counseling scenario, Wertz et al. found that genetic counselors and their clients differed in the descriptors they attributed to numeric probabilities. For numeric probabilities in the 15-50% range, genetic counselors tended to use more descriptors indicating increased likelihood (e.g. "high") than clients (Wertz et al. 1986 ).
Impact of Genetic Counseling on Risk Perception
Perhaps recall of objective numeric probability is poor after genetic counseling because numeric probabilities alone are meaningless without context and nature of outcome, and because these components of risk perception are so interwoven that they are not separable (Weber 1994) .
To be more explicit: hypothetically, when provided an objective numeric probability, a client integrates that into their perception of risk (according to context and perception of severity, etc). The meaningful concept that the client takes away then, is perhaps, not the objective numeric probability, but rather a modified risk concept (Shiloh 2006) . Indeed, Sivell et al. offer the following insight into the situation where after receiving an objective numeric probability, some individuals continue to overestimate:
"…being able to understand and reiterate an objective numerical risk estimate is not necessarily their primary goal; rather they are seeking ways in which they can manage and cope with their risk status as indicated by a desire expressed by some to obtain access to health services that are not indicated for their level of risk." (Sivell et al. 2008, p. 57) In the context of genetic counseling, we can assume that the nature of the potential outcome for which the numeric probability is provided is (in the vast majority of cases), likely to be perceived by our clients as undesirable. Thus, the observation that some people tend to overestimate numeric probability even after having been provided with objective assessment is directly in accordance with the expectations based on the concept of "asymmetric loss functions". This concept posits that overestimation occurs because the more undesirable the potential outcome, the more costly are underestimates of the probability of that outcome (Weber 1994) . More specifically, to underestimate the risk for breast cancer for example: "….could potentially result in death due to insufficient medical monitoring because of inadequate concern. Overestimates of the probability level on the other hand carry few costs (some unnecessary monitoring, perhaps) and will give rise to relief when the danger turns out to be smaller than expected." (Weber 1994, p. 229) Thus, overestimated recall of numeric probability after genetic counseling likely reflects (at least in part) the client's perception of severity of the illness for which the numeric probability was provided.
To further consider the proposition that the meaningful concept that the client takes away from the risk communication component of genetic counseling, is not the objective numeric probability, but rather a modified risk concept (Shiloh 2006) , it is important to note that even then, this newlymodified risk concept will not remain static (Robertson 2000; Shiloh 2006 ). That is, over time, if additional family members become affected, this could modify perceptions of family history (and therefore potentially alter context), and new or additional impact of illness on the family (e.g. death or suffering) could lead to modification of perception of severity. Thus, when asked to recall the objective numeric probability after genetic counseling, the individual is more likely to provide a number that reflects their composite sense of risk. This composite sense of risk will have been modified not only by the genetic counseling, but also by the context and perception of severity that existed prior to genetic counseling, and other life events since the intervention.
Implications for Genetic Counseling
There are a number of potential implications of reconceptualizing risk as a multifaceted construct (that includes numeric probability, perceptions of severity and context) for genetic counseling practice:
1. Use of risk descriptors. Although it has been suggested as a risk communication strategy (Crowson et al. 2007; Smerecnik et al. 2009 ), on the strength of the reviewed evidence, it seems that genetic counselors should not use their own risk descriptors (high chance, low chance, etc) in clinical practice. Because contexts and perceptions of the nature of the potential outcome are likely to be quite different between individuals (Shiloh 2006), a "low chance" for the counselor may be conceptualized as something very different to the client (Wertz et al. 1986 ).
Also however, not only do people describe numeric probabilities relating to outcomes they perceive to be more severe with a greater degree of certainty, but:
"…people are also sensitive to this practice in others, expecting a certain amount of exaggeration about the likelihood of high magnitude events" (Patt and Schrag 2003, p26 ).
In the context of genetic counseling, this kind of miscommunication could potentially have quite dramatic negative sequelae. At the very least, genetic counselors should not use descriptors of risk: (a) without qualifiers (regarding genetic counselors own perceptions of context and severity, and acknowledgement that this may be markedly different from that of their client), or (b) in place of numeric probability. 2. Resisting conflation of concepts. While we do far more as genetic counselors during the process of risk communication than provide and discuss numeric probabilities, we should be aware that when we are providing numbers in the context of risk communication, (in any of the myriad forms, percentages, 1 in X, visual aids etc) we are providing information only about the numeric probability of an event-not about the broader concept of "risk", which would include severity, context, and potentially other factors too. As a profession founded on valuing clear communication, our current tendency to use "risk" when we actually mean "probability" seems to be somewhat at odds with our goals and values. Based on our professional principles, we have a responsibility to make the conceptual distinction-if we agree there is onebetween risk and probability explicit for both ourselves and our clients, by being careful about the language we use relating to the numbers (i.e. not referring to them as risks, but probabilities or chances), not just with our clients, but also in our academic and professional communications with each other. 3. Helping clients to make emotionally inclusive decisions.
Studies of "risk perception accuracy" after genetic counseling show that the numeric probabilities clients recall are often not identical to the objective numeric probabilities the counselor provided. The conclusion drawn is usually that the client perceived risk inaccurately. Implied in this, is that one party here is at fault-either the counselor for not communicating the information well enough, or the client for not attending to it. For example, in 2009, a study of "risk perception" amongst a population at increased risk for cancer concluded that: "the participants accuracy in risk perception was poor" (Rantala et al. 2009 ). In this, the genetic counseling literature is not alone, in fact this phenomenon occurs in other fields, as stated by Finkel in 2008:
"…the risk assessment literature clearly sees many of the risk perceptions of laypeople as arising from deficiencies and errors in judgment rather than from ways of processing empirical and other information that are worthy of some deference, if not respect." (Finkel 2008, p.125) Some have argued that genetic counselors should use techniques by which clients can be helped to think about risks more rationally and logically, essentially dismissing the context and nature of outcome components of risk, in favor of promoting logical decisions based on accurate estimation of numeric probability (Etchegary and Perrier 2007) . Conversely, I would suggest that this strategy fails to recognize any contributors to risk-related decision-making other than subjective numeric probability, despite the fact that other variables are very important (Senay and Kaphingst 2009 ). Perhaps, rather than encouraging clients to make logical decisions based on accurate estimation of numeric probability, we should be ensuring that our clients make the best possibleemotionally inclusive-decisions that they can, based on thorough, conscious awareness of their perceptions of context and nature of outcome. 4. Redefining our professional expertise. To date, the genetic counseling literature relating to risk communication overall has implicitly communicated the view that the counselor is the "risk expert", whose role is to impart information about "risk" to the client. If we accept that risk perception is a multifaceted constructof which numeric probability is only one component, perception of which seems to be heavily influenced by other information that is "worthy of deference"-one could make a strong case that it is such an individualistic concept, that the question of whether an individual's risk perception is accurate is essentially unanswerable. This would allow us to acknowledge the client as the "risk expert" for themselves (thus better reflecting the ethos of genetic counseling) and reframe ourselves, as genetic counselors-perhaps more appropriately-as the "experts" in derivation of numeric probabilities, and in helping the client to be consciously aware of their perceptions of context and nature of outcome. 5. Rethinking how we evaluate risk communication in genetic counseling. While it has the appeal of simplicity, the concept of measuring recall accuracy of objective numeric probability-without accounting for any of the myriad other factors which seem to influence risk perception-is too heavily informed by the medical-model and paternalism to either accurately reflect the client-centred ethos of genetic counseling (Edwards and Elwyn 1999) , or usefully assess the effectiveness of the complex process that constitutes risk communication in the context of genetic counseling.
If we conclude that risk perception is multifaceted and dynamic (and comprises more than numeric probability), it becomes easy to feel that rich opportunity to learn about the impact of genetic counseling is lost through the conflation of these concepts. In fact, in 1999, Edwards and Elwyn suggested that "affective" outcomes like satisfaction, certainty that the best option was selected in resulting decision-making etc., would potentially be more sensitive and specific for application to risk communication research than the more traditional tools of assessing knowledge or risk perception (Edwards and Elwyn 1999) . If we accept that perception of risk involves more than subjective numeric probability alone (Michie et al. 2005; Sivell et al. 2008) , and further that risk perception is an important contributor to, but not the sole contributor to decision making (Lawson 2001) , it becomes apparent that a reappraisal of the strategies by which we attempt to measure and describe effectiveness of risk communication in genetic counseling is urgently needed.
Conclusion
Perhaps it is because we use "risk" as a synonym for probability, that we tend to oversimplify the concepts of both risk perception and decision making, as manifested in our attempts to measure these processes having been largely founded on subjective numeric probability. As genetic counselors we do far more during the process of risk communication than simply deliver objective numeric probabilities. Indeed, Edwards et al. 2008 suggested on the strength of their review of the literature, that it is the supportive, counseling component of genetic counseling that has the most value to clients, rather than the informational component (Edwards et al. 2008 ). When we embark upon psychosocial investigation of the impact of objective numerical probabilities with our clients, we are addressing "risk". Prior to providing the objective numeric probabilities we have derived for them, many of us explore our clients' pre-existing perceptions of numeric probability of illness, family history, and etiology-this could be conceptualized in terms of the model of risk presented here as investigating the context. We also ask about our clients' experiences with the illness for which we are calculating numeric probabilities-again, in the context of the model of risk presented here as providing us with information about their perceptions of severity or nature of outcome. By reflecting back to our clients what we hear them tell us about their perceptions of context and severity of the potential outcome, and explicitly incorporating these issues in our discussions of numeric probability during the risk communication process, we can enable our clients to become more consciously aware of the factors that influence their perception of risk, and potentially impact their decision making processes.
I propose that a more thorough and nuanced conceptualization of risk perception, as a multifaceted entity comprising numerical probability, context, and severity would better serve the advancement of the genetic counseling profession in that it would open the potential for conceptualizing and developing novel strategies by which to investigate the impact of an integral and important component of the genetic counseling session-the risk communication process (Edwards and Elwyn 1999) . By conflating risk and probability, and assessing recall of objective numeric probability as the sole measure of whether or not our risk communication is effective, we have only been able to show-at best-limited evidence of improved accuracy of "risk perception" (Edwards et al. 2006) . Thus, although reassuring recall of numeric probability is the most easily measured aspect of the outcome of risk communication, it is too reductionistic to be meaningful. By continuing with this tack, we lose opportunity to learn about the impact of what we do. In this, we do ourselves-and potentially our clients-a disservice. Wang et al. (2004) suggested decisional conflict, decision satisfaction, or changes in decision-making as outcome variables that could be measured to gain deeper insight into the impact of the risk communication process. However, exploration of the process by which clients' perceptions of risk are modified by genetic counseling (as well as other factors) would be a rich topic for future qualitative investigation. Such studies may in turn inform the development of novel and more representative ways of measuring the outcomes of the risk communication component of genetic counseling.
In this era of evidence-based medicine, our credibility as a profession depends on our ability to measure, and ideally quantify, the effect of our intervention such that we can demonstrate a meaningful positive impact. I propose that it is time for the genetic counseling profession to make it an urgent priority to develop concepts and metrics by which to more appropriately capture the effects of our intervention.
